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Proton distributions at midvapidity have been weasured for 1ARAGeV /e 'L 4 PG
collisions in the focusing spectrometer experimont NA at CERN, A high degree of
nuclene stopping, i found in the tealy heavy on collisions, Svstetnatie eesulty of vingle
particle transvorse momentinn distributions of pions, kaons, and protans, of 00A-Ge\' /e
S8 and HSAGeVie PhaPb central collisions will be addressed within the context of
thennalization, By camparing these data with theviaal and ttansport models, fieezesont
paratneters such as the temmperature parameter Ty, and mean collective tlow velovity (,4)
are oxtracted, Preliminary results of the particle ration of K /R aad p/p are disegssed
i the context of cagande models of RQMD and VENUS,

1. INTRODUCTION

The phvsies otivation ol ultearelativistic heavy jon collisiony is o proepare wgelear
matter with high baryon and energy densitios, and we hope to reach the new foru of
tattor called quarkegluon plasma, By studying the decay of the syatem, we will gain
ktiowledga of strong interactions under these extreme conditions and shed hght on the
pugrle of guark confinement,

Heavy doc sclivious, leon beginning to end, con b ronghly divided tnto ta tiree phass
(0 Ineotring macleons interact with caclt othier s lose enctey o produee secondary
patticleg and induee the crannveene motion whieh b= alrost 2ero wt che Leginuing A
feehall with high energy and portiele densitios is eveated; O Due to the large niber of
regeatteringt, the syatemn approaches therimal tor even chemdealy equilibeinn ad eollective
eagmtosion darhcto develops Within the frvmework of o theemal madel, (8 e poantile



to deseribe an ensemble of such collisions with a small set of parameters: temperature
I, collective velocity d, and chemical potentials (g, #y): (ii1) After awhile, when the
system becomes dilute, interactions among, particles become less frequent and eventoally
cease, At this moment, particles become free streaming, Strictly speaking, there are no
precise boundaries between the three siages: initial, theemodynamic, and freeze-ont, The
collision process evalves continnously, The fireball created in the collision contains i finite
number of particles, and its lifetime and spatial extent are also limited. Furthermore, due
o the linite futeraction cross section araong hadrons, statistically the freeze-oul ocenes
from the outside toward the inside of the ficeball, To some extent, one may imagine that
{ree-streaming hadrons are evaporated {vom the fireball surface,

All experimental observables emerge at freeze-ont, 1 T o sk to understad the
collision dynamics at carlier stages by analvzing the final particle distributions, Tn this
paper, after a brief deseription of the NAd4 experiment, we will fivst discuss the proton
apidity distributions of the 158A.GoVife Ph4-Pb central collisions, Physics of nuclear
stopping in these truly heavy-ion collisions will be addressed. Then, the transverse mo
mentum distributions of pions, kaons, and protons from p+p, S48, and Ph+Ph collisions
are discussed, From this study, we will be able to define n common {reoze-out temperature
paraumeter T, '

2. CERN EXPERIMENT NA44

Phe N spectrometer s degigned to measure ones and two:particle distributions of
churged hadrons near the center of 'mass rapidity (go 2 3) over a transverse momentun
range of 12 pr Z1L6 GeV/e, Threshold Cherenkov counters sl time-of flight. {701
seintillator hodoscopes are used for particle identification and momentum reconstruction,
The TOF resolation is about 100 ps and momentum spread in ahout édp/p 22 0.3%, T he
interaction trigger is provided by two acintillator paddles placed downstreans of the target,
For AA collivions, tha trigger cross section iv approximately ey, /00 2 10%, while {or
pA collisions o minimun bias trigger was nsed, More details of the cpeetrometer can he
found clsewhere [1.2),

3. RESULTS AND DISCUSSION
3.1, Proton Rapidity Distributions

The goul of heavydon physiés is do teach high particle and energy dengition, Nucleon
distributions yield information on mieleae stopping o naeleussnuclens collisions, windy
provides a moasure of how much initial kinetic energy in deposited into the aysteny durine
the collivions [3]. The highee the anclear stopping, the more initial sneepy s converted
into exeitation of the syt For pa poeollivionn at a beatn oncrgy ob By = 00 Gel
the proton rapidity disteibution shows two dintinet peaks near bea and taeget rapudity,
Ly barvon stopping aml production at midrapidity oanadl Pxperimentally of has been
found (4] that nuclear wopping in sytnettic S48 collision i hipher than that of w pap
colllbon, For the praneleas eollisions [5) «ignificant nueleae stoppuugt was adeeady inleried
from the analynin of the tal proton tapidity distribationcof tou GeVoe p Ph eollidona
(10



(n November 1994, 153A-GeV/e (V¥ = 17.5A4:GeV) lead beams were delivered feom
the CERN Super Proton Synchrotron (SPS), ‘The data preseuted here were taken during
the 01 run period. Figure 1 shows the proton rapidity distribution where {illed cireles
are measured dala aud open cireles are the same data points mirrored around yug = 2.9,
The ecror bacs arve statistical only, The systematic ecrors on the proton rapidity deasity
are dominated by errors in centrality selection, the pion velo correction, and total nunber
of beawn particlexs. These contribute about 253%, 15%, aud 10% systematic uncertaintios
to dN/dy, respectively, Assuming there are no correlations among the errors and adding
them in quadrature, the overall systematic uncertaintios in the final rapidity distribution
dAN/dy are 20.8% and 32.7% for 4 and 8§ GeV /e settings, respectively. These errors are
shown as brackets in the figure. Unlike in proton-proton and light ivn collisions, we
observe a large proton rapidity density around midrapidity, indicating that the incoming
projectile and target protous undergo a large vapidity shift,

%0 T T ; T T T T ,
Fy -y

¢ NA44 data
.
=P -— RQMD =« Lund ” .
? 60 Q n Figure 1. Proton rapidivy
) distribulions from central Ph ¢
g Ity collisions, The opeu circlos
‘5 40 are the wierored points about
g": Hmed = 2.9, Statlstieal orpora

aro shown as bars and the over.
Wl systematic serars nee showy
as brackets, The RQMD caleu
lavion v showa as o solid line,
The FRUTION mode! predic
tian e shown a4 dot-dashied

0 1 2 3 4 5 6 7 e
Laboratory rapidity

0

The RQMD (v1.08) model [11] peoton vapidity disteibutions ace shown in Fig, 1 asoa
wolid line, Protony from decays, primarily from A's, have been included in the caleadation,
Withoot these decaved protous the maxinnnn RQMD AN/dy would be abont 38, A
realistic centrality cut, measured by the Uy counter, war used in the model caleulation,
Spectator protons appear b Lacget and projectile rapidity, and constitute about 165 of
the total protons, This s congistent with the fimpaet pacmnetsr ead nsed in Lhe calcalation

In contrast to the RQMD vesults, the FRETTORF model [12] predicts acdip at mideapidity
in uel protou production from contral PhEPL collisions, The dotdashed Tine in Fig. |
dows o digtinet peaks in the disteibution. tn addition to the spectator peaks, the
struek protons are visible as pesks about one unit away from the spectators, Thin is
w Jowsstopplng or transpareney resalt for heavyedon collidons, Che model predicthcach
a unall capldity shilt in heavy-don collivons beeanne it awinen that the seattered {or
nudpesasd [13]) pueleons saller po additional collivione awd svontaally mntecialize outuide



the collision zone,

‘The analysis of p+Pb—p collisions {4] shows that a large amount of energy can be
dissipated. One consequence of this is thai outgoing protons can wndergo rather large
rapidity shifts compared to those in p+p collisions, Any phenomenological model that
provides a sufficient rapidity shift mechanistn will fit the experimental pt A and A4 A
data well {14-16]. However, these models do not answer detailed questions about how a
{ast nucleon or parton loses energy inside the nuclear medium or what role gluons play in
such high energy collisions,

Giiven the vather large systematic uncectaintios in the dN/dy measnrements a delinitive
conclusion on the amount of stopping cannot be reached, By combining this measurctnent
with glope purameters of plous, kaous, and protons. and the Coulomb effect (see discus
siong below), free of such systematic ecrors, the reanlt is consistent, with the sconario of
high nuclear stopping in these Ph+ Pb collisions,

3.2, Coulomb Effect in Pion Distributions

In truly heavy-ion collisions, Pl Ph, the targe amonnt of positive charge in the system
can imroduce additional distortions of the particle final distributions, The Coulomb
interaction hetween the emitted particles wnd the chaeged systen influcnces the linal
pacticle spectra, ‘Though it represents a background to the study of other phenomena at
fuw pr. it s important to uriderstand 'this before discussing new physics from hieavy ion
collisions. 1n addition, observation of the Coulomud interaction wmay provide information
on the colliston dyvuatics, such ag collective expansion.  In this section, we investigate
the Coutomb interaction through the ratio of negative to positive pions produced i ligh
energy heavy jon collisions at the CERN 55,
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verse Kinetic energy (g — mass).! The result is shown in ¥ig, 2 where (a) shows the
ratio 77 /=t from L98A-GeV/c Ph-+Ph central collisions {17]. A pranounced enhance:
tent in the 77 /7% ratio al low transverse kinetic energy is evident, For comparisou, the
vatios 7~ /7 from 200A-GeV /e S+ [18] and §+8 collisions are shown in Fig. 2(h) and
{¢) respectively, These data were taken with the same spectrometer and similar analysis
methods were used. The centralities of the data discussed here are 10:4£2%, 14:£2%, and
15-401.5% of total cross section for S-+85, S+Pb and Ph-“Pb collisions, "espectively. Unlike
the case for Ph+4-Ph collisious, the ratios from the lighter collision systems are found to
be almost flat, A similar result was reported [19] from lower energy collisions.

It is iuteresting to test whether the effect observed in the ratio 77 /7% might be caused
by hadronic interactions. We used the cascade model RQMD (v1.08) {11 Lo calculate the
charged pion distributions in central b+ b collisions. RQMI) is a microscopic transport
wmodel. and includes the physics of string-string and hadron-hadron interactions including
resonance effects. However, the Coulomb interaction is not considered. “The result of the
caleulated ratio 77 /7% is shown in Fig. 3 as a dashed line. A rvealistic contrality sclection
and spectrometer aceeptance were used in the model caleulation. Long lived hyperons
(A and Y, for example) were included in the caleulation, The slight excess ot the 7~
above =% in this calculation is mainly due to A decays, where about 25% of the pious
from decays survive the reconstruction, It can be seeu from the ligure that the caleubibed
ratio has an enhancement as pp - §. The peak is about 1.1, much staller than the data,
Without the long-lived hyperon decays, RQMD predicts-a flay distribution,

R T T

~ $ NAd Duta
o -++ ROMD (vi.08) Flgure 3. Data {filled
?A [ — RQMD + Coulomb clecles) compared with regnlts
E, froa Lthe RQMD (v 08) pee-
?5 dictions {(dashed line) where
g ! the hyperon docay probabili.
o ties and the spectiometer ac.
coptance are included in the
0.8 : madel caleulntion and the e
S SIS N N sult (solid tine) of QM

A
) T ] : . ‘
o 02 03 04 s Couloib calealatiows,

B MASS ( GeV)

Uhe solid line in Fig, 3 i the predietion of the RQMD plug Coulomb cadentation (20]0 A
an alterhurner, the lemgitudinal coomoving chatge of 2,77+ 40 was used i the ealeulation,
Afthough the wolid curve doen nov it to the measured pointy exactly, the ageeenent
Bietween dats and the caleadation iy remakables A similae cosalt wan sl obtained fram
a hydrodynamie madel ealeatation 9], Note that the colentation s very wenative to the
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value of the net charge and Z. ;= 40 per unit rapidity is consistent with observed proton
dN/dy at the midrapidity region. In addition, the calculated ratios of K= /K* and 7/p
are flat with respect to the trausverse momentum, which is again consistent with our
observation.

We conclude that the observed enhancement at pp near zeroin the =7 /% ratio is mostly
cansed by the Coulomb interaction rather than hadronic interactions.? Both the NAGY
recent measnrement and RQMUD show a large number of protons around midrapidity
indicating a large amount of positive charge in the central region. This supports the
assertion that the effect observed in the 7~ /=% ratio is indeed due to Coulomb interactions
plus some contributions from hyperon decay. The fact that a large amount of positive
charge around the midrapidity region is due to the high nuclear stopping discussed in the
last section.

3.3. Transverse Momentuimn Disteibutions

In high eneegy collisions, it is well known that at high pr limit, a transverse kinetic
cuergy distribution can be represented by a simple exponential funciion: ¢xp( -me/T)."
Heve T s the slope parameter. The magnitude of the slope parameter provides information
on temperature (random motion in local rest frame) and collective transverse flow, aud
auy deviation {rom the exponential distribution may signal new physics such as the low
pr enhancement., medium effect (22}, cte.

- W o ey .
3wl @PoePh () Pheph
- 4 .
g wé b MMy LT, 39&3?353?
) \,.““' . \N ﬂ
Z 10! A . \“.“ r' \ ‘ﬂ’\“l .
} ‘“‘ .-\ 5:“{“’““\: ‘.-; \.'.‘h“‘)l‘lfv .
a L L
: 1 . . \“” .
o By i
L T "o n
Vo N DemMey 4 w;::’*”"" . Figure 1. NAKL pro.
. . . IR
wt b “J_ . | liminatry Lansverse motien-
N ., f " tum distributions for pions,
whe e Kaona, and protons.
“ He 1 ] ) L2 ) 1
i, « mass (GeV)

In the following, we will discusgion the pioi, kaon, and sroton transverse Kinetic encrey
distributions frome p tp, S48, and PhaePh collisions, These distiititions were all ex.
teacted around mideapidity, The bean energy of the praton beam is 150 GeViyyy = 311
for thie Sulphnr e it is 200A-CeV owith gy = 51030 and for the lead hean THSACGCY

“Hownver, one yhould bear v mind that the RQMD model 16 8 elassieal hadronie teanepoet i el
Poxsible naw phyaies. sueh a modium offacta or chiral avmmatey reatoration aee not included.

TNoe that an exponentint shape is only consistent with a thermal dictabition, but o pot aeesesanly o
provl of thermalizavon,
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with yyy = 291

Figure 4 shows the transverse kinelic energy distributions of charged pions, kaons, and
protons from Ph+Pbh central collisions. The dashed lines are the exponential fits to the
distributions and the fitted slope paramcters are indicated in the figure.t

First of all, the expounential functions {it to the data well except for pions in the low
pr tegion, where one expects the resonances decays, The slope parameters increase as
particle mass increases and this is independent of the sign of the particles. To make
this point cleai, we summarize the slope parameters of pions, kaons, and protons from
three collision systems: p+4p [23] (/s = 23 GeV), S8 (V& & 19.4A-GeV), and Ph+Pb
{\/s = 17.3A4.-GeV) in Fig. 5.

.35 - —
T T e e | o
o b ] S+8
- b o | 4 pp
> . S .
W . P
028 ¢+ . = & .
&3 - .
o) 0.2 K i ... 1 ".' -
2 S e
2o 018 ‘ ’::‘““.& ..... _* . i“""” *..* -
w . b .
LA !’um1 K.;mn ' l’fot'm\ . - Piow Kaon' ’ J\util-}‘mm:lx

0 025 0% 075 1 1250 025 08 078 { 1.2%
Particic Mass (GeV)

Figure 5. Slope paruneter T ax a funetion of particle mass, The p+p
results are taken from itef. [23].

A distinct differonce between the resulty of the elewentary p4p collision aud heavyion
collisions can be seen in the slope paramoters. While the slope paramieters of p--p collisions
{triangles) remain flat ay a function of the particle mavs, these paraneters {row heavy
ion collisions indcrease as the mass increases, Purthecuore, for a given mass, the heavier
the colliding system. the higher the slope parameter, 1t is also interesting to obaerve that
all curves converge to u point about Try = 145 & 15MeV ww indicated Dy tie shaded bags
in Fig. 5. o bydrodynamies, matter fows, e, all pacticles flow at a sine collective
velocity, Clussically, the collective kinetic energy will then depend on the particle mass:
particles wish higher mass will have higher euergy, The slope paraeter s a micasure ol
the particle cnergy induced by the transverse motion, Roughly speaking, the transverse
mation eontains both thermal (rancdon) and eollective modes, The inteingie freeze-ont
temperature is determined by the thernal motion, For the pip collision, one docs not
expeet any rescattering, and the glope puraueter reflects U true freege out tanperatare,
T his is supported by the data smee the slope pavaieters of plons, kaons and protona are

e v B A e L e RAAAME sy s s SRS AR G

Vo avord the distortion caused by Righ tnaee eescnances in the pion spestea, the it startad from gy
tinan U2 CleV,
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very similar, around 143 MeV for the p+p collisions. For heavy-ion collisions, rescattering
becones more important and collactive motion gradually develops. The slope in the T vs
mass plot indeed demonsirats such characteristic hydrodynamic behavior, Furthermore,
dite to multipole scatterings, i3 it necessary to cousider the higher nuclear stopping and
stronger hydro low together for the heavy-system Pb+-Pb collisions,

A few remarks should be made regarding Fig, 5

e Ouc may cmpirically guess a relationship between the slope parameter and particle:
tFal v <
T = Tyo -+ mass(d)°,

where T's, and (if) are the freeze-out temperature parameter and averaged collective
flow velocity, respectively, This hydro behavior has also been used for analysis at few
A-GeV/e heavy-ion collisious [24]. In reference (23], Csorgd and Lorstad diseussed
a similar relationship within a framework of a hydradynamic model.® There, (i)
is interpreted as the mean expausion velocity (3) = He/fta, where He and 1y are
geometrical radius and wean freesze-oul timne, respectively,

e Using the transport code RQMUD, the transverse collective velocity profile can also
be evaluated. Tor the Ph4-Pb-cantral collisions, we found thal the velocity profiles
of pion, kaou, and protous axe very similar, indicating the onsct of hiydrodyoamics in
the cascade model. The maximum velocity is found to be about 0.6¢ and the average
velocity is Q.83e This result plus the hadeon {reeze-ont temperatine extracted trom
the RQMD caleulation {26] of 140 MeV are in good agreement with the above purely
hydro approach.® -

o Recently, Leonidov, Natdio and Satz [27) proposed a wechanisin of “random walk
initial state collisions’ to explain the slope parameters extracted from heavy ion
induced central collisions, However, using this model, the slope puraraeters of piou,
kaon, and proton cannot be reproduced congistently with a set of tenperature
and ‘broudening’ d44 (A =8, Pb) parameters,

Hydrodynamical models have been successful in describing the space time evolution of
heavy-ion collisions from energiog of w few hundred MeV per nacleon at the LI Bevelae
and GSI SIS to ultrarelativistic energios of a tew tens and hundreds of GeV per nuelean
al the BNL AGS and CERN SPS [28){37).  Tlie axperimentally ueasiured teansverse
momentum distributions (88} [37) ave well reproduced by hydrodynanieal caleuta onain
which the thermal prratneters, such as the feeeze-out temperatare and tansverse velocity
can be ideutitiod,

"Al«:crtmn l.:.";n: of equation ol sbate and canditions were usad Lo reach tis eelationslng. For mote detals
ue Bel {28)

rhe hadron freegesout npesature of 1O MeN b true for bath Y004 GeV W a8 TG0A Gev 1L PG
collimons, i reennekable agreemcnt with oure reault of g b,
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Details of the hydrodynamical model thay we are going 1o use here can be tound in Ret,
35), With a velocity profile 8 <= S,(0/1)" (v = 1) and Ty, = 140 MeV| we calealated
the transverse kinetie energy distributions of pious, kaons, and protons for both B 5 aud
Ph - Pb central collisions, The resulty arer compared with measurements in Fig, 6 where
the expetimental data are shown as dots and the model calculations are shown by the
open triangles, 1t is clear that the overall fitting s pood exeept for piong at the lov py
region where the tesonance decays become itnportant. When thie resonance decays ave
inclnded. o hetter titting for pion spectra can be achieved [36], 'L he maxinum (averaged)
calleetive velodities are found to be 0.41¢ (0.27¢) and O6¢ (Vde) Tor S48 and L PL
collisions, respectively, ‘Typically the sreor on these values iy 10V
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As has been discussed, the freeze-our temperature Ty, and flow velocivy (3) can be
sepatated without any model-dependent analysis (see Figo 5). 1t s worth noting, that a
plot similar to Fig. 5 can be found at the AGS energies (Fuaw % 10 - 15AGeV) (48],
It is especially interesting to see that the characteristic freese out temperatuee 1y, is
also about 160 MeV! On the othier hand, at lower eneegies, Byoqm 22 0.2 = SAGeV, one
finds that 1, increases dramatically as the beam energy increases [24,34,39- 41} Figure @
shows the bombarding energy dependence of the (reeze-ont temperature Ty, and sveraped
collective velocity (3).7 It is interesting to observe that both Y, and (1) (aturate ot
a beam energy about 10 A:GeV. The saturation temperature is about Lih MoV, very
close 10 the mass of the lightest meson (42,43], The steep vise of the T ap to abont 6
GeV incident energy indicates that at low energy collisions the thermal energy essentindly
woey into heat, The saturation at ~L0 GeV shows that the generation of mass boeconies
immportant, As proposed in Rets,  [42,44), for a pure hadron scenavio theve may be o
limiting temperature 1% = 140 MeV in high-energy collisions, although the undetline
physies for both the hadronization, transition from a partonic to a hadronie degree of
freedom, and the transition tfrom interacting hadron to frec strcamiug hadron gas is not
clear at the moment, By coupling the limiting temperature idea to a hydrodynumic
wodel caleulation, Stocker of al successfully predicted (18] the encrgy dependence in the
freege-out temperature,

The saturation i the transverse collective low velocity (Fig. 7, top plot) indicates
that as the bombarding energy inercayes, tratisverse motion will not increase any further,
Rather, the momentuwm space in the lougitudingl dicection becotes targer,

3.4, Particle Ratios

Having tixed the fracze-out temparature parameter 7y, and the collective flow velocity
(). we now tuen to the issue of particle eatios,  Assuning chiewical equilibeinn, the
chemical potentials (prgy g8g) can be extracted tfrom the tewsured particle ratios. The
NAL spectrometer can nisagure particles of both signs at the same ppoand y window.
108 therefore o unique advantage Tor stadying particle produaction valios sinee many
svstetnatic errors will cancel out, fn Figo %0 the proliminacy Ko/RY and p/p rataos
wee shiown av g funetion of rapidity for both S48 and P Db centead collisions, Model
predictions of RQMD (v1L08) [46] and VENUS (v, 12) [47) ave represented by dadhied
atd wolid linen, regpectivily, The systematic ervord on the vatioy for Ph Ph colliviond e
astitnated to be A%, The main contributors to the ather laege error bars are centrahity
deterinination and pion-veto corrections, For the 848 collisions, the svatematle etror ix
. I
I the case of the p/p catio, both model predictions deviate from the data by a factor of
3 fur the light colliding swaten 8 ¢85, For chie PhaPh eollidons, RQNMD seerns to give hetter
tesidta, However, for knonsy bath model always overprediet the vatiose 10 clear that
much work hay to be done g order 1o understand the detatly of the partide prodaetion
in heavysion collisione,

e AR AR e e is
P e metor Tinen st mbabanticnd oy D to sverad nieedtmition pnohied, the sy ateimtie ebtoe b Yin
wa lne na DO o any ensa, thin will not affeet oue wmin conciosions
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1. SUMMARY

We have reported midrapidity proton rapidity densities fron contral P Ph eollisions
Al /R IT3A GV, A Turge wamber of protoas aee absepved at midreapidity, indicatiog «
high degree of nuclear stopping i the collision, 'I'his is consistent with the ateong, Codoainh
effect obuerved recently by the NA L collaboration [17) and the high energy dengsity result
fronne NAAY transverse energy measueements 8] in the PLg P collisions, These wee
the direct consequences of high stopping and copionn secondary particle production, o
addition, due 1o the higher nuclear atopping ia hoavier systoar, the sveraged (eansverse
tlow velocity i found to be increased fvom 0,270 to Gdle for S48 and Phi b cential
collisions. tespectively, ‘The systematics of the teausverse momentun disteibutiony of
P g S8, and Ph4Ph collisions strongly suggest a freeze ot temperature of 1, &
PG 115 MeV for collivions above a beam energy ahout 10 A-GeV, The meaaured partiele
ttiox of K /KY and p/p decroase from the § #8 10 Dby Ph contral collivions, showing,
a charncterlatie of increasing baryon chemieal potential, However, the enveent tesalte of
eancade models RQMD (vEO8) nud VENUS (v4.12) cannot fully reproduce the obuerved
pntticle ratioe,

Al of oure disewslons were based on the mivasured Heht hadeotn at the feeeze out siaee,
I thermal and ehemical equilibeia are indeed ceachend, Bdormation on the cadior stapy:
of the collision t doxty 1o order to galn indght into the Ttial conditton of heavy jon
collisioma, wee peed 1o fvestigate tie dsteibations aned vields of leptoas and photon and
podbly bigh macs mnltiatvange resonanceos an well,
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